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RECONFIGURABLE CIRCULAR 

BUS 

Background of the Invention 

[0001 ] FIELD OF THE INVENTION 

[0002] This invention relates to a system for providing communications between cores in 
an integrated circuit and, more particularly, to a reconfigurable circular bus. 

[0003] BACKGROUND OF THE INVENTION 

[0004] A typical processing device includes various circuits such as a processor circuit, 
memory circuits, peripheral circuits, and the like. With recent technology, such a 
device may be manufactured using a printed circuit board supporting a plurality of 
integrated circuit chips. Each integrated circuit chip provided the functionality of one 
or more of the circuits. The individual circuits can be thought of as "core" circuits, or 
cores. When connected on a printed circuit board, the core circuits are often 
connected with point to point wiring. 



[0005] 



More recently, system-on-a-chip (SOC) technology has been utilized. This 
technology is used, for example, in large ASICs (application specific integrated 
circuits) with many cores. The interconnection between cores becomes difficult due to 
wiring constraints and wiring congestion. A typical bus structure helps alleviate this 
problem by minimizing the wires between the various cores. Referring to Fig. 1 , a 
block diagram for a typical SOC integrated circuit 10 is illustrated. The illustrative 
integrated circuit 1 0 includes six cores 1 2, 1 3, 1 4, 1 5, 1 6 and 1 7. Particularly, the 
cores 1 2, 1 3, 1 4, 1 5, 1 6 and 1 7 are identified under the letters A, B, C, D, E and F, 
respectively. Each of the cores 1 2-1 7 is connected to a data bus 1 8 and an address 
bus 20. This prior art structure limits the amount of bandwidth available for 
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communication between the cores 1 2-1 7. All cores 1 2-1 7 share the same wires. As a 
result, only one pair of cores can communicate at the same time. The core 
connections may be tri-statable, or formed by ORing the gated outputs of all cores 
into one source driven back to all of the cores. Control of the buses 1 8 and 20 is 
granted by an arbiter (not shown) which grants control of the bus to one core at a 
time. 

[0006] The present invention is directed to improvements in communication between 
cores in an integrated circuit. 

Brief Summary of the Invention 

[0007] In accordance with the invention, there is disclosed a system for providing 
communication between a plurality of cores in an integrated circuit. The system 
comprises a circular segmented bus operatively connected to each of the cores for 
transferring data between the plurality of cores. Arbiter means arbitrate which of the 
plurality of cores can transmit data at any given time. 

[0008] The circular segmented bus may comprise a data bus, an address bus, both a data 
bus and an address bus, or another type of bus. 

[0009] Additionally, the bus may comprise a split transaction data bus and address bus. 

[001 0] The circular segmented bus may comprise a circular bus and isolation means 
operatively positioned in the circular bus between each pair of adjacent cores. The 
isolation means may comprise a plurality of transmission gate switches or a plurality 
of multiplexers. 

[001 1 ] The arbiter means may be operatively connected to each of the plurality of cores 
and receive access requests from the cores. The arbiter means may dynamically 
segment the circular segmented bus responsive to the access request. The arbiter 
means may dynamically segment the circular segmented bus responsive to the access 
request and destinations for data and to provide a maximum number of simultaneous 
transmissions. 

[001 2] Further features and advantages of the invention will be readily apparent from the 
specification and from the drawing. 
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Brief Description of the Several Views of the Drawings 

[001 3] Fig. 1 is a block diagram of a prior art system for providing communication 
between cores in an integrated circuit; 

[001 4] Fig. 2 is a block diagram of a system for providing communication between cores 
in an integrated circuit in accordance with the invention; 

[001 5] Fig. 3 is a flow diagram illustrating a program implemented by an arbiter/router of 
Fig. 2; 

[001 6] Fig. 4 is a block diagram, similar to Fig. 2, illustrating a configured circular bus 
capable of two simultaneous transfer operations; and 

[001 7] Fig. 5 is a block diagram, similar to Fig. 2, illustrating a configured circular bus 
capable of three simultaneous transfer operations. 

Detailed Description of the Invention 

[001 8] In accordance with the invention, a reconfigurable circular segmented bus is 
provided which enables more than one pair of cores to share the bus at the same 
time. The ability to support simultaneous data operations increases the bus 
available to the cores. 

[001 9] Referring to Fig. 2, a block diagram illustrates the interconnections of the 

reconfigurable circular segmented bus in accordance with the invention. Particularly, 
an integrated circuit 30 includes six core circuits, or cores, 32, 33, 34, 35, 36 and 37. 
The cores 32, 33, 34, 35, 36 and 37 are additionally identified with the letters A, B, C, 
D, E, and F, respectively. The present invention is not intended to be limited to any 
particular type of core circuits. The cores 32-37 may be configured as bus master 
devices that initiate an operation. Such core devices may include, for example, a 
processor, a peripheral device, a DMA controller, or the like. Additionally, some of the 
cores 32-37 may consist of bus slave devices which respond to operations. 

[0020] T h e cores 32-37 are interconnected via a circular segmented bus system 38 in 

accordance with the invention. The bus system 38 includes a circular segmented data 
bus 40 and a circular segmented address bus 42. As is apparent, each of the buses 40 
and 42 is functionally circular in configuration as it defines a continuous loop. The use 
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of circular buses 40 and 42 allows data to be transferred on either bus 40 or 42 in two 
different directions. 

[0021] An arbiter/router 44, referred to hereinafter as an arbiter, is connected to each of 
the cores 32-37. Additionally, the arbiter 44 is connected to a plurality of data bus 
isolation circuits 46A, 46B, 46C, 46D, 46E and 46F. Similarly, the arbiter 44 is 
connected to a plurality of address bus isolation circuits 48A, 48B, 48C, 48D, 48E and 
48F. For simplicity, when referenced generally, the isolation circuits are identified 
using the reference numerals without the suffix letter. Each of the data isolation 
circuits 46 and address bus isolation circuits 48 is functionally located in the 
respective buses 40 and 42 between an adjacent pair of cores 32-37. As such, the 
isolation circuits 46 and 48 segment the respective buses 40 and 42 to reconfigure 
the bus system 38 by selectively isolating select cores 32-37 from other select cores 
32-37, as described more particularly below. 

[0022] Particularly, the isolation circuits 46A and 48A are functionally located in the 

respective data bus 40 and address bus 42 between core A and core B. The isolation 
circuits 46B and 48B are functionally located in the respective data bus 40 and 
address bus 42 between core B and core C. The isolation circuits 46C and 48C are 
functionally located in the respective data bus 40 and address bus 42 between core C 
and core D. The isolation circuits 46D and 48D are functionally located in the 
respective data bus 40 and address bus 42 between core D and core E. The isolation 
circuits 46E and 48E are functionally located in the respective data bus 40 and 
bus 42 between core E and core F. The isolation circuits 46F and 48F are functionally 
located in the respective data bus 40 and address bus 42 between core F and core A. 

[00231 The isolation circuits 46 and 48 are generally conventional in nature. The isolation 
circuits 46 and 48 may consist of electrical switches in the bus, such as transmission 
gates. Alternatively, the function of the isolation circuits 46 and 48 may be performed 
logically using a multiplexer based loop which provides a logical implementation of a 
transmission gate. As is apparent, other types of isolation circuits may also be utilized 
in accordance with the invention. 

[0024] , n a system-on-a-chip (SOC) ASIC design, the address ranges of the cores 

connected to the bus is predetermined and is not altered during operation. The arbiter 
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44 is configured or programmed with this information and the cores 32-37 request 
access to the bus system 38 indicating the destination of the transfer. When multiple 
cores request bus access, the arbiter 44 determines which bus configurations will 
support which bus transfers and grant access to all of the cores that can operate 
simultaneously. 

[0025] Referring to Fig. 3, a flow diagram illustrates operation of the arbiter 44 for 

determining the bus configuration. The program begins at a start node 50. A block 52 
initializes the arbiter with the address range information and other necessary 
information. A decision block 54 determines if access requests have been received 
from any of the cores 32-37. If not, then the program loops back continuously until a 
request is received. Once an access request is received, then the arbiter 44 analyzes 
the access request at a block 56. The analysis includes considering what other cores 
have requested access, or currently have access, to the bus system 38. The object of 
the analysis is to maximize the number of operations that can be performed 
simultaneously. Likewise, the analysis may include different priority levels for different 
types of operations. As a result of the analysis, the bus system 38 is reconfigured at a 
block 58. Reconfiguring the bus system 38 comprises granting access to select ones 
of the cores 32-37 as determined by the analysis. The operations can then be 
performed. The control then returns to the decision block 54 to await additional 
requests. 

[0026] One example of a reconfigured circular bus for multiple transfers is illustrated in 
Fig. 4. In this figure the isolation switches 46 and 48 and interconnections to the 
arbiter 44 are omitted for clarity. In this example, core A and core F have requested 
access to the bus system 38. The operation requested by core A involves core B. The 
operation requested by core F involves core D. Since these two operations do not need 
to share the same bus segments, both accesses are granted simultaneously. The bus 
is reconfigured to isolate the segment joining core A and core B. Likewise, the bus 
segment between core F and core D is isolated. The transfers occur and the utilized 
bus segments are made available to other operations upon the completion of the 
related operation. 

[0027] 

Particularly, the segment of the bus system 38 joining core A and B is isolated by 
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opening the data bus isolation switches 46F and 46B and opening the address bus 
isolation circuits 48F and 48B. Likewise, the bus segments between core F and core D 
are isolated by opening the data bus isolation circuits 46F and 46C and opening the 
address bus isolation circuits 48F and 48C. After the operation occurs, the utilized 
bus segments are made available to other operations. 

[0028] Since operations may not be initiated at the same time, or may be of different 
durations, the router 44 can reconfigure the bus at anytime. For instance, in the 
above example, the operation between core F and core D may complete before the 
operation between core A and core B. If another operation is requested by core F, this 
time involving core E, and core C requests access to perform a transfer operation with 
core D, because the necessary bus segments are available to support both operations, 
the bus can be reconfigured and the arbiter 44 grants access to both additional 
requesting cores. Fig. 5 illustrates the new configured circular bus configuration which 
is thus capable of three simultaneous operations. Particularly, the bus system 38 is 
reconfigured to isolate the segment joining core A and core B, and to isolate the 
segment joining core C and core D and finally, to isolate the segment joining core E 
and core F. This is done by opening the isolation circuits 46B and 48B, 46D and 48D 
and 46F and 48F, see Fig. 2. 

[0029] As is apparent, the specific design of the arbiter 44 is unique to each ASIC. Once 
the concept of a particular ASIC is known, then the implementation of the arbiter 44 
will be developed from such concept. 

[0030] 

In one embodiment of the present invention, the bus system 38 would consist of a 
split transaction address and data bus and thus address and data are not linked as an 
operation. All bus masters maintain connections to the address bus 42 and the arbiter 
44. A bus master would request access to the address bus 42 via a request to the 
arbiter 44 containing the more significant address bits. The number of bits is 
dependent upon the implementation and address ranges assigned to each bus slave. 
To minimize complexity, address ranges should be assigned on even powers of two 
across the various bus slaves. The arbiter 44 analyzes the requests from the various 
bus master cores to determine the best segmenting to serve the outstanding requests. 
The bus segmenting is redistributed upon the completion of each operation, which is 
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indicated by the dropping of the request. When a bus segment has been created to 
serve a bus master core, then the bus master is granted the bus by the arbiter 44. The 
bus master maintains the request for the duration of the address operation and drops 
the request upon completion of the address transfer. The address bus consists of 
controls, address and transaction tag with master identification. 

[0031] Additionally, in this embodiment, all bus masters and bus slaves maintain 

connections to the data bus and the arbiter 44. The request and granted handshake 
works in a similar manner as that of the address bus, discussed above, except the 
data bus request contains an I.D. of the bus master obtained during the address 
operation. The arbiter 44 uses this information to determine the appropriate bus 
segmenting to service the outstanding request. The bus slave maintains the request 
|y for the duration of the data operation and drops the request upon completion of the 

data transfer. The data bus consists of controls, data and transaction tag with master 
identification. 
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% :l [0032] Thus, in accordance with the invention, there is illustrated a system for providing 
fffl communication between cores in an integrated circuit using a circular segmented bus 

for transferring data. 
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